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(54) Radiation detecting apparatus, methods of producing apparatus, and radiographic imaging 
system 



(57) A radiation detecting apparatus has a first sul> 
strate provided with a converter for converting radiations 
to charge and a second substrate provided with a proc- 
essor for processing the charge transferred from the first 
substrate, and the first substrate is bonded through a 
transfer member for transferring the charge, to the sec- 



ond substrate. In the radiation detecting apparatus, a 
film for maintaining electrical insulation between adja- 
cent pixels is formed so as to cover the circumference 
of the transfer member placed between the first and sec- 
ond substrates, and the film controls a clearance be- 
tween the first and second substrates. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



[0001] The present invention relates generally to ra- 
diation detecting apparatus, methods of producing the 
apparatus, and a radiographic imaging system and, 
more particularly, to radiation detecting apparatus for io 
medical use or for nondestructive inspection, methods 
of producing the apparatus, and a radiographic imaging 
system incorporating the apparatus. 
[0002] In the present specification the description will 
be given on the assumption that radiations embrace all is 
radiations including X-rays, a rays, p rays, y rays, and 
so on. 
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[0003] In recent years, imagery is quicldy changing 
from analog images to digital images in the X-ray roent- 
genologic fields of medical equipment. The digital imag- 
es allow image processing, which can enhance diag- 
nostic accuracy. Since there is no need for develop- 25 
ment, radiographic Intervals can be shortened and thus 
radiography can be efficiently performed in group exam- 
ination and the Nice. 

[0004] Requirements in such fields are improvement 
in detection sensitivity and reduction in noise of signal, so 
Particularly, the improvement in detection sensitivity will 
result in decreasing X-ray exposure doses during radi- 
ography and, in turn, reducing influence on human bod- 
ies, so that there are increasing demands for develop- 
ment of X-ray detecting apparatus with high sensitivity. 35 
[0005] Technologies necessary for enhancement of 
sensitivity of X-ray detectors include the following. 

(1) Increase in absorption efficiency of X-ray ab- 
sorbing material 40 

(2) Increase in volume of X-ray absorbing portion 

(3) Increase in transfer efficiency of carriers gener- 
ated in the X-ray absorbing portion 

[0006] For the increase in the absorption efficiency of 
the X-ray absorber, attention is being focused on em- 
ployment of monocrystalline semiconductors such as 
compound semiconductors and the like. The monocrys- 
talline compound semiconductors have high efficiency 
of utilization of detected X-rays, because they can pro- 50 
duce carriers without conversion to light upon direct ab- 
sorption of X-rays. Recently, development is underway 
to develop X-ray detectors with a large area, particularly, 
sensors associated with the roentgenographic fields, by 
coupling a monocrystalline semiconductor substrate to ss 
a TFT matrix panel. 

[0007] However, when an area sensor to detect X- 
rays is fabricated in such structure that TFT portions, 



transfer lines, etc., together with X-ray sensors, are in- 
tegrated in a monocrystalline semiconductor being an 
X-ray absorbing material, absorption of X-rays causes 
variation in noise and/or capacitances and also causes 
leakage or the like of TFTs, thus making it difficult to im- 
plement the area sensor at a level of practical use. It is 
thus desirable to produce the monocrystalline semicon- 
ductor substrate for detecting X-rays and a substrate 
having other components of TFT portions and others us- 
ing a-Si with little absorption of X-rays, separately from 
each other. After the two substrates are produced sep- 
arately, they are bonded to each other and on that oc- 
casion electrical connection needs to be established at 
every pixel, however. This makes it difficult to maintain 
electrical insulation between adjacent pixels In Imple- 
mentation of high-definition radiation detecting appara- 
tus. It Is, therefore, an object of the present invention to 
provide radiation detecting apparatus constructed so as 
to establish excellent, electrical connection at every pix- 
el and maintain electrical insulation between adjacent 
pixels on the occasion of bonding the TFT matrix panel 
side to the monocrystalline semiconductor substrate 
side. 

SUMIVIARY OF THE INVENTION 

[0008] In order to accomplish the above object, the 
present invention provides a radiation detecting appa- 
ratus in which a first substrate comprising converting 
means for converting a radiation to charge is bonded 
through a transfer member for transferring the charge, 
to a second substrate comprising processing means for 
processing the charge transferred from the first sub- 
strate, wherein an organic film is formed so as to cover 
a circumference of the transfer member placed between 
the first and second substrates. 

[0009] Further, each of the first and second substrates 
is provided with a passivation film, and the organic film 
is provided so as to contact each said passivation film, 
so as to enable bonding without clearance, which is pref- 
erable in terms of height adjustment or protection. More- 
over, when the first and/or the second substrate Is divid- 
ed Into plural segments, the apparatus can be fabricated 
at good yields, and this structure also facilitates height 
adjustment during bonding, which is preferable. 
[0010] The above object is also accomplished by a ra- 
diation detecting apparatus having a first substrate com- 
prising means for converting a radiation to charge and 
a second substrate having a plurality of pixels formed in 
a matrix pattem, said first substrate and second sub- 
strate being electrk:ally connected to each other, where- 
in a passivation film is provided at least on a surface of 
the first substrate on the side where the first substrate 
is connected to the second substrate, an electroconduc- 
tive adhesive is provided corresponding to the pixels, 
and on the occasion of coupling the first and second 
substrates through the electroconductive adhesive to 
each other, the passivation film is disposed so as to pre- 
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vent the electroconductive adhesive from establishing 
electrical conduction between adjacent pixels. 
[001 1 ] A production method of radiation detecting ap- 
paratus according to the present invention comprises a 
step of fonming a passivation film on a first substrate 
comprising converting means for converting a radiation 
to charge, a step of fonning a passivation film on a sec- 
ond substrate comprising processing means for 
processing the charge transferred from the first sub- 
strate, and a step of placing an organic film on the pas- 
sivation film formed on the first or second substrate. 
[0012] Further, a radiographic Imaging system ac- 
cording to the present invention comprises the afore- 
mentioned radiation detecting apparatus, signal 
processing means for processing a signal from the ra- 
diation detecting apparatus, recording means for re- 
cording a signal from the signal processing means, dis- 
play means for displaying a signal from the signal 
processing means, transmission processing means for 
transmitting a signal from the signal processing means, 
and a radiation generating source for generating the ra- 
diation. 

[0013] The details will be described in embodiments 
below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Fig. 1 is a schematic, cross-sectional view of one 
pixel in the X-ray detecting apparatus before bond- 
ing a single crystalline substrate with an insulating 
substrate of Embodiment 1 ; 
Fig. 2 is a plan view near a capacitor portion 20 of 
the insulating substrate side in Embodiment 1 ; 
Fig. 3 is a diagram showing an equivalent circuit of 
the X-ray detecting apparatus in Embodiment 1 ; 
Fig. 4 is a schematic, cross-sectional view of one 
pixel in the X-ray detecting apparatus of Embodi- 
ment 2 before bonding single crystalline substrate 
with an insulating substrate; 
Fig. 5 is a plan view near a capacitor portion 1 9 on 
the insulating substrate side in Embodiment 2; 
Fig. 6 is a diagram showing an equivalent circuit of 
the X-ray detecting apparatus 48 in Embodiment 2; 
Fig. 7 is a plan view near a bump metal on the 
monocrystalline semiconductor substrate side in 
Fig. 4; 

Fig. 8 is a schematic, cross-sectional view showing 
a configuration in which an organic film is provided 
on portions without pixels at bonding locations be- 
tween the substrates in Embodiment 3; 
Fig. 9 is a plan view near a capacitor portion 19 of 
Fig. 8; 

Fig. 1 0 is a diagram showing an equivalent circuit 
of the X-ray detecting apparatus 48 in an embodi- 
ment of the present invention; 
Fig. 11 is a schematic, cross-sectional view of one 
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pixel in the X-ray detecting apparatus of Fig. 1 0 be- 
fore bonding a single crystalline substrate with an 
insulating substrate; 

Rg. 1 2 is a plan view near a capacitor portion 1 9 on 
5 the insulating substrate side in Rg. 10; 

Rg. 1 3 is a plan view near a bump metal on the 
monocrystalline semiconductor substrate side in 
Fig. 10; 

Fig. 1 4 is a plan view of a radiation detecting appa- 
10 ratus in Embodiment 5; 

Rg. 15 Is a cross-sectional view along line 15-15 in 
Fig. 14; and 

Fig. 1 6 is a schematic diagram showing a configu- 
ration of an X-ray diagnosis system in Embodiment 
fs 6. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 [0015] The embodiments of the present Invention will 
be described below with reference to the drawings. 
[0016] Rg. 1 is a cross-sectional view showing a con- 
figuration of the first embodiment of the radiation detect- 
ing apparatus according to the present invention. Fig. 1 

25 shows a across section of connecting portions in a state 
where a patterned pixel on a monocrystalline semicon- 
ductor substrate is about to be connected to a pixel con- 
sisting of a TFT portion and a capacitor portion on an 
insulating substrate with an electroconductive adhesive 

30 at every pixel. In Fig. 1 , first, GaAs is usedforthe monoc- 
rystalline semiconductor substrate 1 . For the monocrys- 
talline semiconductor substrate 1 , it is also possible to 
use CdTe, CdZnTe, or the like, in addition to GaAs. A 
semiconductor layer of p-layer (not shown) is formed on 

33 a surface {on the upper side in the figure) of the monoc- 
rystalline semiconductor substrate 1 , and an At film (not 
shown) is formed thereon. A bias voltage is applied to 
this Al film to deplete the GaAs layer, thereby malting it 
sen/e as an X-ray detecting portion. 

40 [001 7] A connection metal 2 is formed through a sem- 
iconductor layer of n-layer (not shown) on the back sur- 
face (on the lower side in the figure) of the monocrys- 
talline semiconductor substrate 1. This semiconductor 
layer of n-layer acts as a carrier injection inhibiting layer. 

43 In this case, the connection metal 2 is patterned at every 
pixel on the monocrystalline semiconductor substrate 1 , 
and this pattemed portion on the monocrystalline sem- 
iconductor substrate 1 works as a sensor portion 7 for 
detecting X-rays. The connection metal 2 fomned on the 

50 monocrystalline semiconductor substrate 1 functions to 
extract electrons generated in the sensor portion 7 and 
is an Al film deposited by sputtering. The thickness of 
the Al film is 1 .0 pjn. The connection metal film 2 may 
also be deposited by resistance heating evaporation, 

55 electron beam evaporation, or the like. The material of 
the connection metal film 2 may be either selected from 
chromium, molybdenum, tantalum, titanium, copper, 
etc., as well as Al. 
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[001 8] Barrier metal 3 and barrier metal 4 are depos- 
ited on the connection metal 2 on the monocrystafline 
semiconductor substrate 1 and bump metal 5 is further 
formed In a downwardly projecting state on the barrier 
metal 4. The bump metal 5 is used for electrical connec- 5 
tlon with the insulating substrate 1 1 through electrocon- 
ductive adhesive 16, as described hereinafter. Since it 
is necessary to provide a passivation film on the bonding 
surface of the semiconductor substrate, as described 
below, it is preferable to implement the connection by io 
providing a bump as a slightly projecting portion from 
the bonding surface of the semiconductor substrate. 
The ban-ier metal 3 is Ti and the bamer metal 4 Pd, and 
they are deposited each by sputtering. The bump metal 
5 is Au and is deposited by electroplating. is 
[0019] Here the bamer metal 3 is deposited on the 
connection metal 2 in order to provide good adhesion 
and electrical conduction to the connection metal 2 and 
the barrier metal 4 is deposited in order to provide good 
adhesion and electrical conduction to the bump metal 20 
5. The thickness of the banier metal (Ti film) 3 is 0.3 pin, 
the thickness of the barrier metal (Pd film) 4 0.2 p.m, and 
the thickness of the bump metal (Au film) 5 15 jim. In 
this case, after the Au film is patterned by photolithog- 
raphy, the Pd film and Ti film are successively etched 25 
using the Au film as a mask. Passi.SIN 6 is a protective 
film. Passi.SIN 6 also has the action for maintaining 
electrical insulation to adjacent pixels. Partlculariy, with 
decrease in pixel pitch for higher definition, this problem 
will become more serious, and thus the provision of such 30 
passivation film will be effective. 
[0020] On the other hand, a capacitor portion 20 and 
a TF=T portion (thin film transistor) 21 are formed on the 
insulating substrate 1 1 . The TFT portion 21 is not shown 
in Fig. 1, but is formed at a corner of the capacitor portion 35 
20, as shown in Fig. 2. The capacitor portion 20 Is pro- 
vided with n+ layer 1 7, i-layer 1 8, and SIN layer (Insulat- 
ing film) 1 9 between electrode 1 3 and electrode 1 5, and 
these three layers constitute the capacitor portion 20. 
The TFT portion 21 Is also composed of three layers , n+ 40 
layer 17, i-layer 18, and SiN layer 19, as the capacitor 
portion 20 was. Each of the layers in the capacitor por- 
tion 20 and in the TFT portion 21 is simultaneously 
formed and thus they are fabricated in the same proc- 
ess. Numeral 24 designates a signal line portion, which 4S 
is connected to the TFT portion 21 . 
[0021] Passi.SIN (protective film) 14 is formed on the 
capacitor portion 20 and on the signal line portion 24, 
and a connection metal 12 is fomied through the pro- 
tective film 1 4 above the capacitor portion 20. The con- so 
nection metal 12 is an Ai film deposited by sputtering 
and is coupled to the electrode 15 of the capacitor por- 
tion 20. The thickness of the AI film is 1 .0 |jjn and the AI 
film is patterned by photolithography so as to be isolat- 
ed. The connection metal 12 is connected to the bump 55 
metal 5 on the monocrystalline semiconductor substrate 
1 with electroconductive adhesive 16. The connection 
metal 12 may also be deposited by resistance heating 



evaporation, electron beam evaporation, or the like as 
the connection metal 2 may. and the material of the con- 
nection metal 1 2 may be either selected from chromium, 
molybdenum, tantalum, titanium, copper, etc., as well 
as AI. 

[0022] Although in Fig. 1 the conductive adhesive 16 
and the bump metal 5 on the monocrystalline semicon- 
ductor substrate 1 are illustrated in a separate state, the 
two substrates will be laid on each other and the con- 
ductive adhesive 16 will be themially hardened as de- 
tailed hereinafter, thereby coupling the monocrystalline 
semiconductor substrate 1 and the insulating substrate 
11 to each other. X-rays absorbed in the monocrystalline 
semiconductor substrate 1 are converted to electrons 
and holes and the converted electrons are drawn from 
the bump metal 5 through the conductive adhesive 16 
into the connection metal 12. These electrons are guid- 
ed through the connection metal 12 to be stored in the 
capacitor portion 20 formed on the insulating substrate 
11, and a charge stored in the capacitor portion 20 is 
transferred through driving of the TFT portion 21 . In this 
way, the charge converted from radiations is processed 
and controlled. 

[0023] Here the electroconductive adhesive 1 6 is one 
in which silver particles of 5 to 40 yxm are dispersed In 
a thermosetting epoxy adhesive and is printed by print- 
ing at every pixel on the insulating substrate 11 on the 
occasion of bonding. The conductive adhesive 1 6 may 
be either of acrylk: adhesives. as well as the epoxy ad- 
hesives. A pressing process under high pressure Is em- 
ployed for establishing the electrical connection be- 
tween the bump metal 5 on the monocrystalline semi- 
conductor substrate 1 and the connection metal 12 on 
the insulating substrate 1 1 . On this occasion, in order to 
achieve uniform electrical junction between the monoc- 
rystalline semiconductor substrate 1 and the Insulating 
substrate 11, the conductive adhesive 16 is squeezed 
30 to 80% heightwise, thereby reducing influence of 
height variations occurring during the printing of conduc- 
tive adhesive 1 6. 

[0024] During the connection between the monocrys- 
talline semiconductor substrate 1 and the insulating 
substrate 11 , alignment is first achieved and thereafter 
the printed conductive adhesive 16 is brought into con- 
tact with the bump metal 5. Then the two substrates are 
electrically connected by a process of pressing the two 
substrates 1,11 against each other and thereafter ther- 
mally hardening the conductive adhesive 1 6. The press- 
ing work is carried out under the pressure of 2 kg/cm^ 
by a press machine, so as to implement connection 
through the conductive adhesive 1 6 at every pixel. In 
the heat hardening process, the adhesive is heated at 
the temperature of 140**C for 60 minutes. The conduc- 
tive adhesive 1 6 may be printed on the bump metal 5 
on the monocrystalline semiconductor substrate 1 or 
may be printed on the both semiconductor substrate 1 
and insulating substrate 11. 

[0025] Fig. 2 is a plan view showing a configuration of 
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one pixel in which the TFT portion 21 and capacitor por- 
tion 20 are placed on the Insulating substrate 11 . The 
size of the pixel Is 160 (im square and the connection 
metal 12 is fonned in the circular shape of ^60 \im and 
in the center of capacitor portion 20. The semiconductor 
layers of the TFT portion 21 consist of the three layers 
of insulating film 19, i-layer 18, and n+ layer 17, as de- 
scribed above, and the capacitor portion 20 also consist 
of the three layers of insulating film 19, i-layer 18. and 
n+ layer 17 similarly. The electrodes 13, 15 represent 
upper and lower electrodes of the capacitor portion 20, 
numeral 22 a gate line of the TFT portion 21 , 23 the sig- 
nal line of the TFT portion 21 , and numerals 1 7 to 1 9 the 
respective layers of the capacitor portion 20. 
[0026] Fig. 3 is a circuit diagram showing an equiva- 
lent circuit of the X-ray detecting apparatus of the 
present embodiment. In Fig. 3, sensor portions 7 are X- 
ray detecting sensors formed on the monocrystalline 
semiconductor substrate 1 , as described above, and In- 
cident X-rays are absorbed in the sensor portions 7 to 
generate electrons. Numeral 20 denotes capacitor por- 
tions for accumulation of charge formed on the insulat- 
ing substrate 1 1 , and numeral 21 TFT portions for trans- 
fer of charge. The sensor portion 7, capacitor portion 20, 
and TFT portion 21 constitute one pixel, and a number 
of pixels are arrayed In a matrix pattern to compose the 
X-ray detecting apparatus 28. 

[0027] The gate electrode of each TFT portion 21 Is 
connected to a gate line 22 and each gate tine 22 Is con- 
nected to a gate driver 29. One signal electrode of each 
TFT portion 21 is connected to a signal line 23, and each 
signal line 23 to a signal processing circuit 30. A voltage 
V for widening the depletion layer is applied to the 
monocrystalline sehniconductor substrate 1, as de- 
scribed above, and X-rays absorbed in each sensor por- 
tion 7 are converted to electrons to be stored in the cor- 
responding capacitor portion 20. The gate line 22 of 
each TFT portion 21 is then driven by the gate driver 29 
and the electrons thus stored are transferred through 
the signal line 23 to the signal processing circuit 30. 
[0028] Since the configuration of the present embod- 
iment employs the conductive adhesive at every pixel, 
it becomes feasible to maintain excellent, electrical in- 
sulation between adjacent pixels. Since the passivation 
layer of SIN or the like is provided on the side of the 
semiconductor substrate bonded to the insulating sub- 
strate, it also becomes feasible to maintain excellent, 
electrical insulation between adjacent pixels even in the 
high-definition radiation detecting apparatus and the 
like. 

(Embodiment 2) 

[0029] The second embodiment of the present inven- 
tion will be described below. Fig. 4 is a cross-sectional 
view showing a configuration of one pixel In the second 
embodiment. Fig. 4 also shows a cross section where 
the pattemed pixel (sensor portion) on the monocrystal- 



line semiconductor substrate 1 is connected to the ca- 
pacitor portion 20 of the pixel formed on the insulating 
substrate 11 through electroconductive adhesive 16. In 
Fig. 4 identical portions to those In Fig. 1 are denoted 

5 by the same reference symbols. 

[0030] The present embodiment Is different from the 
first embodiment in that barrier metals 31 , 32 are depos- 
ited on the connection metal 12 formed above the ca- 
pacitor portion 20 on the insulating substrate 11 and a 

10 bump metal 33 is further formed in a projecting state 
thereon. This configuration permits securer, electrical 
connection at every pixel. The present embodiment is 
also different in that a reset TFT portion Is provided in 
each pixel as described hereinafter. The connection 

15 metal 12 on the insulating substrate 11 side is also an 
Al film deposited by sputtering, as in the first embodi- 
ment. The thickness of the Al film is 1 .0 jxm. The con- 
nection metal film 12 may also be deposited by resist- 
ance heating evaporation, electron beam evaporation, 

20 or the like. The material of the connection metal 1 2 may 
be either one selected from chromium, molybdenum, 
tantalum, titanium, copper, etc., as well as Al. 
[0031 ] The barrier metal 3 1 is Ti and the barrier metal 
32 Pd, and they are deposited by sputtering. The bump 

25 metal 33 is Au and is deposited by electroplating. The 
thickness of the barrier metal (Ti film) 31 is 0.3 p.m, the 
thickness of the barrier metal (Pd film) 32 0.2 pjn, and 
the thickness of the bump metal (Au film) 33 1 5 \vm. They 
are fomed by first patterning the Au film by photolitiiog- 

3o raphy and thereafter successively etching the Pd and Ti 
films, using the Au film as a mask. 
[0032] The barrier metals 31 , 32 are deposited in or- 
der to achieve good adhesion and electrical conduction 
to the connection metal 12 and to the bump metal 33, 

35 respectively, as in the case of the barrier metals 3, 4 in 
the first embodiment. The other structure Is much the 
same as that in Fig. 1 . 

[0033] A method of electrically connecting the monoc- 
rystalline semiconductor substrate 1 to the insulating 

40 substrate 11 with the conductive adhesive 16 can also 
be implemented by use of the method similar to that in 
the first embodiment. Namely, the electroconductive ad- 
hesive 1 6 is one in which silver particles of 5 to 40 pjn 
are dispersed in a thennosetting epoxy or acrylic adhe- 

45 sive, and is printed by printing on at least one of the 
bump metal 5 and the bump metal 33 at every pixel. The 
silver particles may be replaced by particles of copper, 
carbon, or the like. 

[0034] Next, the pressing process under high pres- 
50 sure is used for establishing the electrical connection 
between the bump metals 5 and 33 on the two sub- 
strates, and on this occasion, in order to establish uni- 
fonn electrical junction within the substrates, the con- 
ductive adhesive 1 6 Is squeezed 30 to 80% helghtwise, 
55 thereby reducing the influence of height variations oc- 
curring during the printing of the conductive adhesive 
1 6. For the connection between the substrate 1 and the 
substrate 11 , alignment is first achieved and thereafter 
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the electrical connection is established through proc- 
esses of contact, pressing, and heat hardening. The 
pressing work is earned out under the pressure of 2 kg/ 
cm2 by the press machine so as to achieve connection 
between the pixel components and the heat hardening 
process is carried out at the temperature of 140»C for 
60 minutes. 

[0035] Fig. 5 is a plan view of a pixel including 
processing portions for processing and control of detect- 
ed charge, such as the TFT portion 21 , TFT portion 24, 
capacitor portion 20, etc. placed on the insulating sub- 
strate 1 1 side. The size of the pixel is 1 60 yum square 
and the connection electrode 1 2 is placed in the circular 
shape of <^60 pjn and in the center of capacitor portion 
20. The bump metal 33 Is f omied on the connection met- 
al 1 2 and in highly projecting shape from the substrate. 
The semiconductor layers of the TFT portion 21 and the 
TFT portion 24 are comprised of three layers, an insu- 
lating film, an i-Iayer, and an n+ layer, and the capacitor 
portion 20 is also comprised of films deposited simulta- 
neously with these three layers. 
[0036] Fig. 6 is a circuit diagram showing an equiva- 
lent circuit of the X-ray detecting apparatus in the sec- 
ond embodiment. The X-ray detecting apparatus of the 
second embodiment is different in provision of reset TFT 
portions 24 from the apparatus of the first embodiment. 
The voltage V for widening the depletion region is ap- 
plied to the semiconductor substrate 1 , and electrons 
generated in each sensor portion 7 are accumulated in 
the capacitor portion 20 placed on the insulating sub- 
strate 11. The electrons thus accumulated are trans- 
ferred through a signal line 23 to the signal processing 
circuit 30 by driving the gate line 22 of the TFT portion 
21 by the gate driver 29. The apparatus is also config- 
ured to control each gate line 26 by the gate driver 29 
in similar fashion to drive the TFT portion 24 so as to 
transfer a reference potential through a reset line 25 to 
the capacitor portion 20, thereby refreshing the charge 
in the capacitor portion 20. 

[0037] In the embodiments described above, the ap- 
paratus was described so as to detect X-rays by means 
of the monocrystallf ne semiconductor substrate, but the 
present invention can also be applied to detection of a 
rays, p rays, y rays, etc., in addition to X-rays. 
[0038] By establishing the electrical connection 
through the electroconductive adhesive at every pixel 
between the monocrystalline semiconductor substrate 
serving as a radiation detecting portion and the insulat- 
ing substrate having the TFT and capacitor portions, the 
two substrates can be readily connected even in the 
case of separate production of the semiconductor sub- 
strate having the radiation detecting portion and the in- 
sulating substrate having the TFT and capacitor por- 
tions, which pemnits Implementation of high-sensitivity 
radiation detecting apparatus easy to produce. Since 
the connection is effected by providing the projection 
portion and bump metal at every pixel on the two sub- 
strates and placing the electroconductive adhesive at 



only the pixel portions, it becomes feasible to maintain 
excellent, electrical insulation between adjacent pixels. 

(Embodiment 3) 

5 

[0039] The present embodiment employs a configu- 
ration in which an organic film is provided between pix- 
els in bonded portions of the semiconductor substrate 
and the substrate provided with TFTs, capacitors, and 
10 so on. In the X-ray detecting apparatus, the monociys- 
talline semiconductor substrate side is produced in 
sandwich structure wherein the monocrystalline com- 
pound semiconductor is placed between the electrode 
for applying the bias to the monocrystalline compound 
IS semiconductor and the electrode for collecting convert- 
ed carriers, and the TFT matrix panel side is provided 
with storage capacitors for storing can-lers transferred 
thereto and TFTs for controlling readout of canriers 
stored in the storage capacitors. The TFT matrix panel 
^ side and the monocrystalline semiconductor substrate 
side are bonded to each other under pressure through 
metal bump portions and anisotropic conductive films 
fomned by the conductive adhesive. In this structure, 
however, there is a risk of exposing the protective films 

25 etc. for protecting the metal bump portions, TFTs, etc. 
from the extemal atmosphere or the like, to the atmos- 
phere, and, depending upon an atmosphere during the 
bonding, the metal bumps might be corroded, so as to 
result in degrading durability of wires and electrodes in- 

3o side the protective films. 

[0040] With degradation of the durability of wires and 
electrodes inside the protective films, the metals will be 
readily corroded in the junction portions at the interface 
between the TFT matrix panel side and the monocrys- 

35 talline semiconductor substrate side, for example, if the 
X-ray detecting apparatus is used under high-tempera- 
ture and high-humidity conditions, e.g., at the tempera- 
ture of 30''C and the humidity of 80%, over long periods. 
[0041 ] This is due to reaction of the metals with water 

40 included in the atmosphere and this corrosion will result 
in failure In electrk:al conduction. This will result in failure 
in readout of signals from pixels losing electrical con- 
duction, and, in turn, result in disabling use of the appa- 
ratus. There is also a possibility that water directly enters 

45 through the protective films to corrode the electrodes on 
the TFT matrix panel side and damage the capacitanc- 
es, resulting in defects of pixels. Therefore, the present 
embodiment employs the configuration in which the or- 
ganic film is provided at locations where the pixels are 

50 not provided in the bonded portions. First, Fig. 7 shows 
an equivalent circuit of the X-ray detecting apparatus 28 
in the present embodiment. Similar members to those 
in Fig. 3 are denoted by similar reference numerals. As 
shown in Fig. 7, each X-ray absortDing portion 20, for 

55 example, of GaAs, Si, CdTe, CdZnTe, or the like is pro- 
vided with a power supply 27 for applying the voltage 
for widening the depletion layer. Then electrons gener- 
ated in the X-ray absorbing portion 20 are accumulated 
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in a capacitor 24 being a storage means placed on the 
insulating substrate, and. for reading the accumulated 
electrons into a signal line 23, a control signal to turn 
the gate of TFT 21 on is fed from the gate driver 29 to 
the gate line 22. Then the electrons stored in each ca- 
pacitor 24 are read through the TFT 21 into the signal 
line 23 to be transferred to the signal processing circuit 
30. 

[0042] Fig. 8 is a schematic, cross-sectional view of 
one pixel in the X-ray detecting apparatus 28 of Fig. 7, 
which shows a state before the bonding between the 
monocrystalline semiconductor substrate 1 side being 
the first substrate and the insulating substrate 11 side 
being the second substrate. Fig. 9 is a plan view near a 
capacitor portion 19 on the insulating substrate 11 side 
of Fig, 7. The monocrystalline semiconductor substrate 
1 is provided with an X-ray absorbing portion 20 and a 
p-layer and an n-layer are formed on the front surface 
and on the back surface, respectively. Each of the p- 
layer and the n-iayer is provided with an aluminum film 
fomried thereon and a bias is applied from the power 
supply 27 to the aluminum films. 
[0043] X-rays absorbed in the X-ray absorbing portion 
20 generate electrons and holes and the connection 
metal 2 collects the electrons thus generated. The elec- 
trons are sent via the barrier metals 3, 4, bump metal 5, 
and electroconductive adhesive 16 to the connection 
metal 12 placed on the insulating substrate 11. On the 
Insulating substrate 11 side, the electrons thus transmit- 
ted are accumulated in the capacitor 24 and the charge 
stored is read into the signal line portion 1 8 including 
the semiconductor layer 1 7 consisting of three layers of 
insulating layer, i-layer, and n+ layer, through driving of 
TFT 21 , and the charge thus read is transferred through 
the signal line 1 8 to the extemal signal processing circuit 
30. 

[0044] The connection metal 1 2 is made of an alumi- 
num film deposited by sputtering or the like. Likewise, 
the connection metal 1 2, which is connected to the elec- 
trode 1 5 of the capacitor portion 1 9 formed on the insu- 
lating substrate 11 side and which is placed on the pas- 
sivation film 14, is also made of an aluminum film de- 
posited by sputtering. The capacitor portion 19 is com- 
posed of the capacitor 24, TFT 21, and electrodes 13, 
15. Formed on the surface of the monocrystalline sem- 
iconductor substrate 1 are the passivation film 6 depos- 
ited in the thickness of about 1 .0 {im by CVD and the 
connection metal portion (connection metal 2, barrier 
metals 3, 4, and bump metal 5) patterned by photoli- 
thography or the like, as a member for transmitting the 
charge. The electroconductive adhesive 1 6 Is printed by 
printing of a thermosetting epoxy adhesive containing 
silver particles. 

[0045] The passivation film 1 4 is also deposited on the 
insulating substrate 11 and, further, the organic film 34 
of a photosensitive polyimide or resist material or the 
like is applied onto the passivation film 14 or onto the 
connection metal 12, for example, by a spin coater After 



that, the coating thus applied is removed from above 
and about 20 ^m around the capacitor portion 1 9 by pho- 
tolithography or the like. 

[0046] For the connection between the monocrystal- 

5 line semtoonductor substrate 1 side and the insulating 
substrate 11 side, alignment is first achieved between 
them and thereafter they are pressed against each other 
in a contact state. Then the adhesive is thermally hard- 
ened, thereby establishing the electrical connection. 

10 The pressing work is carried out, for example, under the 
pressure of 5.0 kg/cm^ by the press machine to estab- 
lish connection between the pixel components and, at 
the same time as it, bring the polyimide surface fomried 
on the insulating substrate 11 side into intimate contact 

15 with the passivation film formed on the surface of the 
monocrystalline semiconductor substrate 1 . This per- 
mits good connection to be established on the occasion 
of bonding the semiconductor substrate to the matrix 
panel, and decreases pixels failing to establish electrical 

20 connection, for example, due to inclination of the sub- 
strate during the bonding, thus enabling good, electrical 
connection to be established for all the pixels. If the sem- 
iconductor substrate is connected at a certain Inclination 
and even if electrical connection is established for all 

25 the pixels, there will appear variations in thickness for 
incidence of radiations of the semiconductor layer for 
converting radiations to charge, thus posing a problem. 
The structure of the present embodiment can also solve 
this problem, tt is also necessary to ensure electrical in- 

30 sulation for maintaining the electrical insulation between 
adjacent pixels. In the present embodiment there Is the 
organic film provided, but it may be replaced, for exam- 
ple, by an inorganic material of silicon nitride film or the 
like, which is interposed as a spacer. However, partlcu- 

35 lariy, nitride films are very hard films, and thus can un- 
dergo cracking of film upon pressing. Use of organic film 
is more preferable in that films with some elasticity dem- 
onstrate better adhesion upon pressing and in that the 
organic films possess adhesiveness when heated. It is, 

^ however, noted that it is necessary to interpose an elec- 
trically insulating film. This is for maintaining the electri- 
cal insulation between adjacent pixels. According to the 
configuration of the present embodiment, the passiva- 
tion films can be omitted if the electrical insulation be- 

^ tween adjacent pixels is fully ensured by the organic film 
35. 

[0047] During the heat hardening of the adhesive, it 
is heated, for example, at the temperature of 1 40*^0 for 
60 minutes. 

50 [0048] In the present embodiment, the barrier metal 
3 is a titanium (Ti) film having the thickness of about 0.3 
pm, and the barrier metal 4 a lead (Pb) film having the 
thickness of about 0.2 ^m. These films are deposited by 
sputtering or the like. The bump metal 5 is a film of gold 

55 (Au) having the thickness of about 15 p.m. 

[0049] Further, the thickness from the surface of the 
passivation film 6 to the surface on the insulating sub- 
strate 11 side of the bump metal 5 is, for example, 14.5 
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pjn, and the thickness between the surface on the Insu- 
lating substrate 1 1 side of the bump metal 5 and the sur- 
face on the insulating substrate 1 1 side of the conductive 
adhesive 16 is, for example, 15 |jm. On the insulating 
substrate 11 side, the thickness of the connection metal 
12 on the passivation film 1 4 Is 1 .0 \xm. 
[0050] Since the insulating substrate 11 side and the 
monocrystalline semiconductor substrate 1 side need to 
be electrically connected to each other upon the bond- 
ing between them, the thickness of the organic film 34 
is detemiined within a certain range. Namely, a neces- 
sary and sufficient condition for the thickness of the or- 
ganic film 34 is that the organic film 34 is fonned be- 
tween the passivation films 6, 14 when the insulating 
substrate 11 side and the monocrystalline semiconduc- 
tor substrate 1 side are bonded to each other in the ab- 
sence of the organic film 34. 

[0051 ] When the thicknesses of the bump metal 5 and 
others are defined as described above, the thickness of 
the organic film 34 (the thickness from the passivation 
film 14 to the surface of the organic film 34 on the 
monocrystalline semiconductor substrate 1 side) T 
needs to be determined in the following range: 

15.5 ixm 5 T ^ 30.5 ^im. 

In the present embodiment the thickness T is, for exam- 
ple, 25 p.m. 

[0052] The thickness T of the organic film Is also pref- 
erably determined as follows in orderto enhance the ad- 
hesion; the thickness T satisfies the condition of t1 :S T 
^ t1 + 12 where t1 is the thickness of the transfer member 
and t2 the thtekness of the conductive adhesive; and the 
thickness T further satisfies the condition of T = (t1 - At1 ) 
+ (t2 - At2) where Atl is a change rate of the thickness 
of the transfer member upon the bonding between the 
first substrate and the second substrate and At2 a 
change rate of the thickness of the conductive adhesive 
thereupon. 

[0053] Further, the size of the pixel having the TI=T 21 
and the capacitor is, for example, 1 60 ^.m^ and the con- 
nection metal 12 Is placed, for example, in the circular 
shape of <|>60 jxm and in the center of the electrode 13. 
Each of the TFT 21 and capacitor portion 19 is com- 
prised of three layers, an insulating layer, an i-layer, and 
an n+ layer. Connected to the TFT 21 are a gate line 22 
for transmitting a control signal for controlling on/off of 
the gate, and a signal line 23 for transmitting carriers 
read out upon activation of the gate. 

(Embodiment 4) 

[0054] Fig. 10 shows an equivalentcircuitof the X-ray 
detecting apparatus 48 in the present embodiment. In 
Fig. 10 portions similar to those In Fig. 3 are denoted by 
the same reference symbols. In the present embodi- 
ment the apparatus is provided with a reset means con- 



sisting of TFTs 24, reset lines 25. etc.. mainly, for reset- 
ting electrons left in the capacitors 1 9 without being read 
out, after electrons once stored in the capacitors 1 9 are 
read out into the corresponding signal lines 23. The 
5 TFTs 24 are connected through gate line 26 to the gate 
driver 49, 

[0055] Fig. 1 0 shows the configuration in which each 
TFT 24 is grounded through the reset line 25, but It may 
also be connected to a power supply for keeping the ca- 

10 pacitor 1 9 at a fixed potential, Instead of the ground. 
[0056] Fig. 1 1 Is a schematic, cross-sectional view of 
one pixel in the X-ray detecting apparatus 48 of Fig. 1 0, 
which is an equivalent of Fig, 4. Fig. 12 is a plan view 
near a capacitor portion 19 on the insulating substrate 

'5 11 side, which is an equivalent of Fig. 9. Fig. 13 is a plan 
view near a bump metal 5 on the monocrystalline sem- 
iconductor substrate 1 side in Fig. 10. In Figs. 11 and 
1 2, similar portions to those in Figs. 8 and 9 are denoted 
by the same reference symbols. In the present embod- 

20 iment the organic film 35 of polymer or the like is fonned 
on the monocrystalline semiconductor substrate 1 side. 
[0057] On the Insulating substrate 1 1 side, the barrier 
metals 31, 32, bump metal 33, and electroconductive 
adhesive 1 6 are formed on the connection metal 1 2. The 

25 electroconductive adhesive 1 6 Is printed by printing or 
the like. 

[0058] On the monocrystalline semiconductor sub- 
strate 1 side, the organic film 35 Is fonned on the pas- 
sivation film 6. The organic film 35 is an electrically in- 

30 sulating, silicone, acrylic, phenolic, or epoxy resin, 
which has, for example, the volume resistivity of not less 
than 1.0x1 n»cm and which Is formed in a grid pat- 
tem by printing or the like. The width of the grid pattern 
is about 40 to 60 p,m and the grid pattern is formed by 

35 multiple printing processes with a mesh plate. 

[0059] The monocrystalline semiconductor substrate 
1 and insulating substrate 11 are electrically connected 
to each other through much the same processes as in 
Embodiment 1 , wherein the pressing work is perfonned, 

40 for example, under the pressure of 10.0 kg/cm2 to es- 
tablish connection between the pixel components and, 
at the same time as it, bring the surface of the organic 
film 35 formed on the monocrystalline semiconductor 
substrate 1 side, into intimate contact with the passiva- 

^ tion film 1 4. This enables implementation of height ad- 
justment. 

[0060] In the present embodiment, the bamer metal 
31 Is made of Tl in the thickness of about 0.3 jim and 
the banier metal 33 of Pb In the thickness of about 0.2 
so ^m, and these are deposited by sputtering or the like. 
The bump metals 5, 33 are made of Au In the thickness 
of about 5 [un. 

[0061] The reason why the bump metals 5, 33 are 
made thin is that during printing of the organic film 35 
55 by printing the bump metal 5 is prevented from exhibiting 
a great resistance to the printing plate so as to promote 
wear of the printing plate and Increase dispersion of 
shape of printed pattern. For this reason, supposing that 
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the thickness from the surface of the passivation film 6 
to the surface of the bump metal on the insulating sub- 
strate 1 1 side is, for example. 4.5 (im, the thickness from 
the surface of the passivation film 14 to the surface of 
the bump metal 33 on the monocrystalline semiconduc- 
tor substrate 1 side Is, for example, 1 .5 ^xm, and the 
thickness of the conductive adhesive 16 is 15 pjn, the 
thickness T of the organic film 35 needs to satisfy the 
condition of 11 ^m ^ T < 26 jun. In the present embod- 
iment, the thickness T is, for example, 20 jim. 

(Embodiment 5) 

[0062] Fig. 1 4 is a schematic diagram to show the ap- 
pearance of a sensor panel which is the X-ray detecting 
apparatus of the present embodiment and in which a 
monocrystatiine semiconductor substrate is bonded to 
a TFT matrix panel with TFT matrix devices on an insu- 
lating substrate. 

[0063] In Fig. 14, one sensor panel Is formed by bond- 
ing four monocrystalline semiconductor substrates to a 
single TFT matrix panel 1 1 . The reason for this is as fol- 
lows: the TFT matrix panel made of amorphous silicon 
on the Insulating substrate can be industrially produced 
using a large substrate and can be freely selected in siz- 
es of about 300 to 1 000 (mm) square, whereas it is dif- 
ficult to make the monocrystalline semiconductor sub- 
strates In large sizes; for example, about 12 inches In 
the case of monocrystalline silicon substrates and about 
4 Inches in the case of monocrystalline GaAs sub- 
strates. 

[0064] The sensor has to be constructed in larger 
size, particularly, when human bodies are photographed 
for medical purposes by the X-ray photographing appa- 
ratus. It is thus necessary to bond a plurality of monoc- 
rystalline semiconductor substrates. In Rg. 14 four 
monocrystalline substrates are bonded, but the bonded 
structure may be constructed of nine substrates in a ma- 
trix of 3 x 3 or sixteen substrates In a matrix of 4 x 4. 
Further, the bonded structure may also be constructed 
by bonding monocrystalline semiconductor substrates 
In a matrix of different numbers of vertical and horizontal 
substrates, e.g., twelve substrates In a matrix of 3 x 4. 
The monocrystalline semiconductor substrates do not 
always have to be square, but rectangular substrates 
may be combined. 

[0065] Fig. 1 5 Is a view schematically showing a cross 
section along line 1 5-1 5 of Fig. 1 4. Portions having func- 
tions similar to those in Fig. 8 are denoted by the same 
reference numerals and the description thereof is omit- 
ted herein. Electrodes isolated pixel by pixel are ar- 
ranged on surfaces of the monocrystalline semiconduc- 
tor substrates, and three pixels are arranged in the lat- 
eral direction on each substrate. On the TFT matrix pan- 
el with the TFT matrix devices on the insulating sub- 
strate, the devices are arrayed in arrangement of six pix- 
els In the lateral direction. 

[0066] On the monocrystalline semiconductor sub- 
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strates, the pixel-Isolated electrodes are arrayed in ar- 
rangement of six pixels in combination of two sub- 
strates, and are electrically connected through an elec- 
troconductive adhesive to the devices of six pixels ar- 

5 rayed on the TFT matrix panel. For the bonding between 
the monocrystalline semiconductor substrates and the 
TFT matrix panel, the conductive adhesive is one In 
which silver particles of 5 to 40 fxm are dispersed in an 
acrylic adhesive and the viscosity of which is controlled 

10 in the range of 50 to 500 {Pa*sec), the adhesive is trans- 
ferred onto the monocrystalline semiconductor sub- 
strates by the printing method, and the monocrystalline 
semiconductor substrates are bonded to the TFT matrix 
panel through heating and pressing. The adhesive may 

15 also be a silicone, phenolic, or epoxy resin, and the con- 
ductive particles may be particles of copper or carbon. 
The heating temperature is desirably not more than the 
final heating temperature in the heating process of the 
TFT matrix panel and, particulariy, in the case of ther- 

20 nriosetting adheslves. the heating temperature needs to 
be not less than the hardening temperature of the ad- 
hesive. In the present embodiment the heating temper- 
ature during the bonding is approximately 1 00 to 1 SO'C. 
The pressing pressure Is determined depending upon 

25 the viscosity of the adhesive, the material of the particles 
in the adhesive, and the size of particles, and Is selected 
in the pressure range of about 1 .0 to 50.0 (kgf/cm^). 
[0067] The four monocrystalline semiconductor sub- 
strates all are first aligned on the TFT matrix panel and 

30 thereafter are pressed together at a time, but they may 
be pressed one by one or they may be bonded by first 
performing temporary pressing one by one under self- 
weight or under a low pressure below 1 .0 (kgf/cm^) and 
thereafter performing final pressing under the pressure 

35 of about 1 .0 to 50.0 (kgf/cm^) simultaneously for all the 
four substrates. 

[0068] Since the high pressure of 1 .0 to 50.0 (kgf/cm^) 
is applied during the press bonding, it is usually diffteult 
to control the clearance between the monocrystalline 

40 semiconductor substrates and the TFT matrix panel, 
and, in particular, there would be a level difference be- 
tween four single crystalline semiconductor substrates 
bonded. For this reason, since capacitive couplings be- 
tween the monocrystalline semiconductor substrates 

45 and the TFT matrix pane! are detemnined by distances 
of substrate therefrom, an inclination and step of the 
substrates bonded would cause capacitance variation. 
As a result, there might be cases where the dispersion 
of clearances appears in roentgenograph ic images. Ac- 

50 cording to the present Invention, the organic film is 
placed around the circumference of the conductive ad- 
hesive and this organic film functions as a spacer for 
controlling the clearances between the monocrystalline 
semiconductor substrates and the TFT matrix panel, 

55 whereby the monocrystalline semiconductor substrates 
and the TFT matrix panel can be coupled at an Identical 
clearance even in the presence of pressure dispersion 
within each plane and among panels during the press 
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bonding. And, the dispersion of clearances does not ap- 
pear in roentgen ognaphte image. In Fig. 15, symbols 
1-a. 1-b, 2-a, and2-b represent clearances between the 
monocrystalllne semiconductor substrates and the TFT 
matrix panel at ends of each panel where control is par- 5 
ticularly difficult within each panel and among panels. 
Since the clearances are controlled by the thickness of 
the organic film, it is feasible to decrease the dispersion 
of clearances 1 -a, 1 -b, 2-a and 2-b in Fig. 15. However, 
if this organic film is absent, there is no spacer for con- io 
trolling the clearances and, in particular, it Is thus difficult 
to control the clearances corresponding to 1 -a, 1-b, 2-a 
and 2-b between the substrates. 
[0069] At the same time, a depression amount of the 
conductive adhesive by the electrode projecting portion is 
fonned of the metal bump can also be adjusted by the 
thicl<ness of the organic film placed on the surface, 
which can assure stable connection probabilities. The 
thickness of the organfc film is detennined depending 
upon the size of the conducth/e particles in the adhesive, 20 
an applteation amount of the adhesive, and the size of 
the electrodes and is selected in the range of 5 to 40 nm. 
[0070] In the present embodiment, as described 
above, the organic film can meet the functions of height 
adjustment and the protective film during the bonding in 25 
the segmental structure of semiconductor substrates. 
Since the conductive adhesive is provided only at pixel 
portions with the insulator between the pixels, It be- 
comes feasible to maintain good, electrical Insulation 
between pixels even with decrease in the pixel pitch for 3o 
higher definition. 

(Embodiment 6) 

[0071 ] Fig. 1 6 is a schematic diagram showing a con- 3S 
figuration of an X-ray diagnosis system of the present 
embodiment. As shown in Fig. 1 6, the X-ray diagnosis 
system of the present embodiment is constructed in 
such structure that X-rays 6060 generated In an X-ray 
tube 6050 pass through chest 6062 of patient or subject 40 
6061 to enter a converter 6040 with a converting layer 
mounted in the upper part thereof. 
[0072] The incident X-rays include infonnation about 
the inside of the body of patient 6061 . In accordance 
with the incidence of X-rays the converting layer gener- 45 
ates electrons and holes to yield electrical infonnation. 
This infonnation is converted to digital data and the dig- 
ital data Is subjected to image processing in image proc- 
essor 6070. The resultant image can be observed on 
display 6080 in a control room, 50 
[0073] This infonnation can also be transferred to a 
remote place through transmission means such as a tel- 
ephone network 6090 or the like to be displayed on dis- 
play 6081 in a doctor room located at another place or 
be stored in a storage means such as an optical disk or ss 
the like, thereby pemiitting a doctor at a remote place 
to make a diagnosis. It is also possible to record the in- 
formation on film 6110 by film processor 6100. 



[0074] In the present embodiment the converting ap- 
paratus was described in the application to the X-ray di- 
agnosis system, but it can also be applied to radiograph- 
ic Imaging systems such as nondestructive inspection 
systems or the like using radiations such as a rays, p 
rays, y rays, etc. except for X-rays. 
[0075] As described above, since the organic film is 
formed so as to cover the circumference of the transfer 
member provided at each pixel between the first and 
second electrodes, it is feasible to prevent the corrosion 
of the transfer member and others and prevent the deg- 
radation of durability of the wires and electrodes formed 
on the second substrate. 

[0076] A radiation detecting apparatus has a first sub- 
strate provided with aconverterfor converting radiations 
to charge and a second substrate provided with a proc- 
essor for processing the charge transferred from the first 
substrate, and the first substrate is bonded through a 
transfer member for transferring the charge, to the sec- 
ond substrate. In the radiation detecting apparatus, a 
film for maintaining electrical insulation between adja- 
cent pixels is fornied so as to cover the circumference 
of the transfer member placed between the first and sec- 
ond substrates, and the film controls a clearance be- 
tween the first and second substrates. 



Claims 

1 . A radiation detecting apparatus in which a first sub- 
strate comprising converting means for converting 
a radiation to charge is bonded through a transfer 
member for transferring said charge, to a second 
substrate comprising processing means for 
processing the charge transferred from said first 
substrate, wherein a film for maintaining electrical 
insulation between adjacent pixels is fornied so as 
to cover a circumference of said transfer member 
placed between said first and second substrates, 
whereby a clearance between said first substrate 
and second substrate is controlled. 

2. The radiation detecting apparatus according to 
Claim 1 , wherein said film for maintaining electrical 
insulation is an organic film. 

3. The radiation detecting apparatus according to 
Claim 1 , wherein on the said second substrate side 
there are formed storage means for storing charge 
transfen-ed through said transfer member, control 
means for controlling readout of charge stored in 
said storage means, and a signal line for outputting 
charge read out under control of said control 
means, to the outside, 

wherein said film has a function of protecting 
at least said transfer member, said storage means, 
said control means, and said signal line from an ex- 
ternal atmosphere. 
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4. The radiation detecting apparatus according to 
Claim 1 , wherein said transfer member comprises 
at least a metal bump. 

5. The radiation detecting apparatus according to s 
Claim 1 , wherein each of said first and second sub- 
strates is provided with a passivation film, and said 
film for maintaining electrical insulation contacts 
each said passivation film. 

10 

6. The radiation detecting apparatus according to 
Claim 2, wherein said organic film is a photosensi- 
tive polyimide or resist material. 

7. The radiation detecting apparatus according to is 
Claim 2, wherein said organic film is fonmed by a 

roll coater or a spin coater. 

8. The radiation detecting apparatus according to 
Claim 4, wherein said metal bump is electrically 20 
connected to a connection metal made by photoli- 
thography on said first or second substrate. 

9. The radiation detecting apparatus according to 
Claim 2, wherein said organic film is a polymer hav- 2S 
ing the volume resistivity of not less than 1.0x1 0^^ 
n«cm. 

10. The radiation detecting apparatus according to 
Claim 5, wherein said passivation films are depos- 30 
ited by chemical vapor deposition. 

11. The radiation detecting apparatus according to 
Claim 5, wherein said passivation films are silicon 
oxide or silicon nitride. 3S 

12. The radiation detecting apparatus according to 
Claim 1 , wherein said first and/or second substrate 
is divided in plural segments. 

40 

13. A radiation detecting apparatus having a first sub- 
strate comprising means for converting a radiation 
to charge and a second substrate with a plurality of. 
pixels fonmed in a matrix pattern, said first substrate 
and second substrate being electrically connected 45 
to each other, 

wherein a passivation film is provided at least 
on a surface of said first substrate on the side where 
the first substrate is connected to said second sub- 
strate, an electroconductive adhesive is provided so 
corresponding to said pixels, and on the occasion 
of connecting said first and second substrates 
through the electroconductive adhesive, said pas- 
sivation film is provided so as to prevent said con- 
ductive adhesive from establishing electrical con- ss 
duction between adjacent pixels. 

14. A method of producing the radiation detecting ap- 
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paratus as set forth in Claim 5, which comprises: 

a step of forming the passivation film on the first 
substrate comprising the converting means for 
converting a radiation to charge; 
a step of fomning the passivation film on the 
second substrate comprising the processing 
means for processing the charge transferred 
from said first substrate; and 
a step of providing an organic film on the pas- 
sivation film formed on said first or second sub- 
strate. 

1 5. The method according to Claim 1 4, wherein a thick- 
ness of said organic film is determined according to 
a thickness of the transfer member for establishing 
electrical connection between said converting 
means and said processing means to transfer said 
charge, and a thickness of an electroconductive ad- 
hesive for establishing connection between said 
first substrate side and said second substrate side. 

16. The method according to Claim 15, wherein the 
thickness T of said organic film satisfies the follow- 
ing condition: 

t1 ^T^tl +t2, 

where t1 is the thickness of said transfer 
member and t2 the thickness of said electroconduc- 
tive adhesive, and 

wherein the thickness T of said organic film 
further satisfies the following condition: 

T=(t1 - At1) + (t2- At2), 

where At1 is a change rate of the thickness of 
said transfer member during bonding between said 
first substrate and said second substrate and At2 a 
change rate of the thickness of said conductive ad- 
hesive thereupon. 

17. A method of producing radiation detecting appara- 
tus, comprising: 

a step of providing electrodes corresponding to 
a plurality of pixels on a first substrate compris- 
ing converting means for converting a radiation 
to charge; 

a step of forming a passivation film on said first 
substrate; 

a step of forming processing means for 
processing the charge transferred from said 
first substrate at every said pixel, on a second 
substrate; 

a step of forming a passivation film on said sec- 
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ond substrate; 

a step of providing an eiectroconductive adhe- 
sive con^esponding to each pixel on said first or 
second substrate; and 

a step of providing an organic film on the pas- 5 
sivation film at locations where the pixels are 
not formed on said first or second substrate. 

A radiographic imaging system comprising: 

10 

the radiation detecting apparatus as set forth in 
Claim 1; 

signal processing means for processing a sig- 
nal from said radiation detecting apparatus; 
recording means for recording a signal from '5 
said signal processing means; 
display means for displaying a signal from said 
signal processing means; 
transmission processing means for transmit- 
ting a signal from said signal processing 20 
means; and 

a radiation generating source for generating 
said radiation. 

25 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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FIG. 10 
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AN EXTERNAL APPEARANCE OF 
BONDING SINGLE CRYSTALLINE 
SEMICONDUCTOR SUBSTRATE 
ON TFT MATRIX PANEL 
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